Prey can enhance their survival by eliciting an appropriate response to predators. Theoretically, prey should distinguish odors of predators and nonpredators. The manifestation of defensive antipredator behaviors has been extensively researched in domestic species (i.e., the relationship between laboratory-bred rats and domestic cats). However, little is known about the expression of these behaviors in wild rodents. Studies have so far focused on quantitative assessments of cost-benefit trade-offs or giving-up densities. We examined the expression of finescale defensive behaviors in Arnhem rock rats (Zyzomys maini) in response to fecal cues from 2 predators (the northern quoll [Dasyurus hallucatus] and the dingo [Canis dingo]), a nonpredator (the short-eared rock-wallaby [Petrogale brachyotis]), and a control (water). We adapted a predator-odor avoidance apparatus that has been widely used for domestic rodent studies to film the behavior of wild rock rats in a captive environment. Rock rats did not alter their behavior in the presence of odors of nonpredators, predators, or controls. In the current study, individual rock rats behaved in a consistent manner across time, and we identified 3 individually consistent behaviors which may suggest the existence of personality traits in this species. We suggest that these individual differences may influence wild rock rat behavior more than predation risk. These differences should therefore be taken into consideration when investigating behavioral responses to predators in wild populations.
Predation is a strong selective force that plays an important role in shaping prey behavior. The ability of prey to detect an approaching predator and respond appropriately can therefore enhance prey fitness (Lima and Dill 1990) . Many prey species use chemical cues to detect the presence of predators (Chivers and Smith 1998; Kats and Dill 1998; Apfelbach et al. 2005) . After detecting the presence of a predator, prey can reduce their chances of encountering the predator by hiding, remaining motionless, or avoiding areas scented by predators (Kats and Dill 1998) . Behavioral ecologists typically treat responses as being highly flexible and assume that individuals will exhibit a range of adaptive behaviors that will enhance their continued existence as an individual and species (Sih et al. 2004b ). However, this neglects the idea that some behaviors will consistently vary between individuals, resulting in individuals with different personalities in the same population (e.g., Mella et al. 2015) . In some circumstances, individuals exhibit behaviors that seem counterproductive to survival, such as maintaining high levels of activity in the presence of predators (Reale et al. 2007 ). The existence of animal personalities can provide an explanation for the expression of these "nonadaptive" behaviors (Sih et al. 2004a; Reale et al. 2007 ). The consideration of animal personality in behavioral ecology is a relatively recent phenomenon (Smith and Blumstein 2013) , and we are only beginning to gain an understanding of the influence of individual personalities on survival, reproductive success, and evolutionary fitness (Powell and Gartner 2011) .
Studies on the fine-scale antipredator behavior of rodents, measured in a captive environment, have been predominantly performed on laboratory-bred strains of rats and mice which have low genetic diversity and are raised in identical environments (Dingemanse and Réale 2013) . However, variation in personality is influenced by the interaction between genetic and environmental variances (Penke et al. 2007; Adams 2011) . The importance of genetic influence on behavior is demonstrated in the variable responses of different strains of laboratory rats to cat odor where Albino Wistar rats spent less time in a hide box in the presence of cat odor compared to Wistar hooded and Lewis rats (reviewed in Dielenberg and McGregor 2001) . Hence, lab animals bred to be genetically similar and exposed to similar environmental conditions should respond in a more consistent manner to novel situations including exposure to predator cues, when compared to their wild counterparts. It is not clear whether the results of behavioral studies on laboratory animals are applicable to genetically diverse, wild populations.
A variety of methods have been used to study antipredator behavior in wild animals. Giving-up density (GUD) studies are commonly used to quantify foraging behavior using the principle of cost-benefit trade-offs, often in response to predation risk (Brown 1988; Mella et al. 2014) . The effect of predator odor on trap success is another method used to quantify antipredator behavior (Mella et al. 2011; Kovacs et al. 2012) . While foraging behavior studies effectively quantify responses to perceived threat, they provide limited information on the fine-scale behaviors that prey species elicit in response to predation risk, such that occurs in the relationship between domestic rats and cats (Dielenberg and McGregor 2001) . Filming such experiments aids in the identification of these fine-scale behaviors (Webb et al. 2009; Mella et al. 2014) . In order to investigate and understand antipredator behaviors, we need to make detailed observations in a simulated environment (Dielenberg and McGregor 1999; Blanchard et al. 2003) . The use of a "microworld" simulation enables the identification of decreases in locomotor activity, reductions in nondefensive behaviors such as grooming and reproduction, and retreat to a strategic location if prey detect a predator (Apfelbach et al. 2005) . Such simulations are useful because they detect behaviors that cannot be identified or measured using field studies alone.
We investigated individual variation in antipredator behavior of wild-caught Arnhem rock rats Zyzomys maini in response to odor cues from the northern quoll Dasyurus hallucatus, the dingo Canis dingo, the short-eared rock-wallaby Petrogale brachyotis, and water as a control. We used multiple predator odors to investigate the possibility of prey prioritizing antipredator behavior according to perceived threat. The Arnhem rock rat is a large (100-150 g) rat endemic to the sandstone escarpment and outliers of western Arnhem Land, Australia. The species' restricted range and substantial decline over the past 2 decades have led to the classification of the species as near threatened (Woinarski et al. 2001; IUCN 2014 ). The Arnhem rock rat is prey to northern quolls and depending on availability, to dingoes (Cremona et al. 2014) . The trophic web in northern Australia, encompassing rock rats, northern quolls, and dingoes, provides a model system of trophic interactions without the compounding effects of invasive predators. We hypothesized that rats would show a stronger response to quoll fecal odor than dingo odor due to the increased likelihood of encounter within their habitat and that wild rats would demonstrate similar defensive behaviors to those seen in laboratory-bred rats.
Materials and Methods
Study site.-We conducted the study at East Alligator Ranger station in Kakadu National Park, Northern Territory, Australia (12°26′S, 132°57′E). The habitat is composed of rock escarpments or isolated residual masses that can be more than 100 m above the surrounding country (Freeland et al. 1988 ). The study site was chosen because it is one of the few sites in the Northern Territory where 2 native predators, northern quolls and dingoes, are present concurrently (Cremona et al. 2014 ) and were frequently observed throughout the study. Arnhem rock rats are abundant in this area and following capture, they were maintained in captivity in the field station. Research on live animals followed American Society of Mammalogist guidelines (Sikes et al. 2011) and was approved by the University of Sydney Animal Ethics Committee (Approval No. L04/3-2012/3/5688).
Collection method.-We deployed 55 cage traps under rock overhangs at the base of sandstone rock outcrops within 1 km radius of the ranger station. We baited traps with peanut butter, honey, and rolled oats in the evening and checked traps within 2 h of sunrise. To minimize the risk of removing females with young, we only collected adult males weighing 110 g ± 20. Upon capture, we transferred adult males to cloth bags and transported them to the ranger station. Any females or juveniles trapped were immediately released at the site of capture. A total of 6 rats were collected and held in captivity at any one time. We held rats for a maximum of 72 h and animals were released at the site of their capture upon completion of the study. In order to prevent rock rats being used multiple times in the study, we gave each individual a unique ear clip immediately before release. Upon capture, individuals were classified as having a full or damaged tail, as the species is prone to tail loss presumably as a consequence of predator attack (Begg 1981) .
The subjects were 36 wild-caught Zyzomys maini. Rats were housed individually in an enclosure identical to the odor avoidance apparatus (see below) with the addition of a food dish, a water feeder, and natural enrichment substrates. The enclosures were placed in a temperature-controlled environment (25 ± 2°C) with natural lighting. All experiments were performed during the rats' active phase, between 2,130 and 2,230 with the aid of a red light to cause minimal interference.
Odor avoidance apparatus.-The odor avoidance apparatus comprised a plastic enclosure (60 × 40 × 60 cm) with holes for ventilation and sawdust substrate, based on the apparatus described by Dielenberg and McGregor (1999) . Three separate odor avoidance apparatuses were used for concurrent testing. The enclosure contained a hide box (30 × 17 × 10 cm) with shredded paper bedding. There was a small square hole (5 × 5 cm) on the front wall of the hide box to allow the rat to enter the hide. At the end of the enclosure, opposite the hide box, an alligator clip was used to secure the odor source. A clear plastic lid enabled filming from directly above the enclosure. After each trial, we washed the enclosure with warm soapy water and wiped it with methylated spirits to remove any odors.
Predator-odor recognition procedure.-Upon capture, we allocated rats to 1 of 4 treatment groups (n = 9 per treatment) for the predator-odor recognition test: no scent (control), dingo fecal odor, quoll fecal odor, or rock-wallaby fecal odor. Rockwallabies co-occur with rock rats, therefore the species was used as a pungency control, in the current study. The rock rats were habituated to captivity for 40 h before they were transferred to the odor avoidance apparatus. During this time, their food and water was changed and the room was regularly entered, to habituate the rats to human presence. For the predator-odor recognition testing, rats were confined to their hide box using a piece of cardboard and then the entire hide box was transferred from the enclosure to the odor avoidance apparatus. In the 1st trial, an uncontaminated piece of paper was clipped to the end of the apparatus. The cardboard was removed from the entrance to the hide box, which remained in the test arena, and the room was vacated. The rats were then filmed (Panasonic HC-V130) for 20 min before being returned to their enclosures. We repeated this procedure 24 h later using the odor of the treatment group that individual rats were assigned to. Fecal odor solutions were made by diluting 30 g of crushed fresh feces (obtained from the Territory Wildlife Park) in 250 ml water. Four hours prior to testing, a piece of paper (7 × 5 cm) was soaked in the fecal solution and allowed to air dry before being placed on the clip in the odor avoidance apparatus. The same fecal solutions were used for all tests of each treatment. Solutions were maintained in airtight containers in the refrigerator (~2°C). To avoid odor cross-contamination, only 1 fecal odor, and therefore 1 treatment group, was tested on a single night. Rats that were not being tested were held in a separate room.
Behavioral tests.-While the main aim of this study was to test the responses to predator odors, at the same time, we took the opportunity to conduct a preliminary assessment of behavioral consistency within individuals. In personality research, novel object tests are often used to examine bold behaviors and open field tests (Walsh and Cummins 1976) used to examine exploration (Reale et al. 2007 ). The experimental design described above to test for response to odors combined a novel object (paper with or without odor) and an open field test (the experimental enclosure) and therefore enabled an examination of behaviors related to boldness and exploration within individual rock rats.
Video analysis.-A blind analysis of each video was performed, where the observer was unaware of the treatment. Two observers performed the analysis and both observers analyzed a random selection of the same recordings to check for consistency. The following behaviors were recorded based on behaviors recorded in rodents in similar studies (Dielenberg and McGregor 1999; McGregor et al. 2002): First exit (seconds)-The time at which the rat 1st exited the hide box and entered the arena. Time in hide (seconds)-The total time that the rat spent in the hide box. Exploration (seconds)-The total time spent actively exploring the enclosure. Exploration was defined as active movement around the enclosure (e.g., running, climbing). Time on hide (seconds)-The total time that the rat spent on top of the hide box. Time head out (seconds)-The total time that the rat spent with its head out of the entrance of the hide while its body remained inside.
Investigation (count)-The number of times that the rat investigated (e.g., touching or sniffing) the piece of paper containing the scent. A bout of investigation was deemed to have finished when this was interrupted by another behavior. Grooming (count)-The number of bouts of grooming (e.g., licking, etc.) that the rat performed. For the purposes of the study, scratching was not considered to be a form of grooming, as parasite presence could influence this behavior. A bout of grooming was deemed to have finished when the rat visibly stopped grooming for at least 3 s. Reentries (count)-The number of times the rat returned to the hide box after 1st exit.
Other behaviors, including rearing and flat back approach, that have been observed in other behavioral studies on rodents did not occur in this study.
Antipredator behavior analysis.-We measured the response of rock rats to predator odors using a repeated measures analysis of variance in IBM SPSS Statistics version 21 (IBM Corp., Armonk, New York). The analysis was performed on each measured behavior with predator odor (i.e., treatment) as the fixed factor, and test number as the repeated measure. We tested for normality using Kolmogorov-Smirnov tests. As most of the data were non-normal, we used an alpha equaling 0.001.
Behavior repeatability analysis.-The experimental design and repeated testing enabled additional analysis of individual behavior and a preliminary assessment of the repeatability of some individual behaviors. The behaviors that were recorded during the antipredator behavior experiment were used to investigate the possibility of identifiable personality traits in rock rats. We followed statistical methods developed by Dingemanse et al. (2010) and Dochtermann and Jenkins (2011) and adapted by Mella et al. (2015) . We compared loglikelihood ratios between 2 models, with and without rock rat identity as a random effect, to test for individual consistencies in behavior (Dingemanse and Dochtermann 2013) . We ran a general linear mixed-effect model analysis using the REML method in SAS (PROC MIXED, SAS Institute Inc. 2003). We included date of capture, treatment, tail length, and site of capture as fixed effects in the model, which we also checked for significant effects. Significant effects were also verified via a comparison of AIC c (Akaike information criterion corrected) values for these models (following Dingemanse et al. 2010; Dochtermann and Jenkins 2011) . AIC c values offer a measure of relative explanatory power for each model, a difference of 2 or more units is indicative of a significant improvement in the predicative capabilities of the model (Burnham and Anderson 2002) . We calculated repeatability for the behaviors after Dingemanse and Dochtermann (2013) . Personality analysis was not performed on count behaviors, such as grooming, investigating, and reentries, due to insufficient data; however, these values were tested for correlations with those behaviors that were significantly repeatable within individuals. We also tested for correlations between behaviors using Pearson's coefficient.
Results
Antipredator behavior.-The repeated measures analysis found no significant effect of test number, treatment, or their interaction for any rat behaviors (Table 1 ). This indicates that there was no observable effect of odor cues on rat behavior. An example video of rock rat behavior is available in Supporting Information S1.
Behavior repeatability analysis.-Individual identity had a significant effect on 3 behaviors (Table 2) : time of 1st exit, time in hide box, and time on top of hide box, indicating that these behaviors were consistent within but differed between individual rock rats (Fig. 1) . Other behaviors observed during the trials were not consistent within individuals.
Date of capture, treatment, tail length, and site of capture did not have a significant effect on any behavior (Supporting Information S2), suggesting that these variables did not influence individual behavioral responses. Repeatability was very high for time of 1st exit, time in hide box, and time on top of hide box (≥ 0.90; Table 2 ). The repeatable behaviors identified were all highly correlated with other behaviors except for "head out" (Table 3) .
Discussion
Individual rock rats were consistent in their response to novel objects despite the addition of predator fecal odors. We identified 3 repeatable behavioral components which may be indicative of personality traits: time of 1st exit, time in hide box, and time on top of hide box. There were no significant behavioral responses to the presence of different odors, despite a recent study showing that rats demonstrated stronger avoidance of food trays scented with quoll fecal odor (Cremona et al. 2014) . However, in the mentioned study, rats did not modify their foraging behavior at visited trays, with and without predator odor as there was no difference in GUD across treatments (i.e., the few rats that did visit quollscented food trays consumed a majority, if not all of the food items). The existence of both bold and shy individuals within the population could explain these results, given that bold individuals would be more inclined to visit predator-scented trays and may consume more food items. Given that the GUD experiments test the response of the population rather than the individual, it is not unexpected that the results of individual rats in captivity will vary from the population-level experiments.
The repeatable behaviors were all highly correlated. This result might be due to the fact that the behaviors were all measured within the same experiment (Bell 2007) . A behavior measured in a different context, such as the response to human handling, may reveal the existence of correlated behavioral tendencies across a range of situations and contexts (Réale et al. 2000) within individual rock rats. Nevertheless, our study suggests that some of the behaviors observed during our experiments could potentially be used to determine personality traits in rock rats. Open field tests or novel environment tests are regularly used to examine the personality trait of exploration or activity (reviewed in Reale et al. 2007 ). Predator stimulus tests, such as the one during which behaviors were measured in this study, are often associated with boldness (reviewed in Reale et al. 2007 ). We found that rock rats that were willing to exit their refuge early in the trial were also more likely to investigate the predator odor. These consistent behaviors could therefore be different measures of the same behavioral trait, all placed on the boldness/shyness axis. This correlation seemed to suggest that the unwillingness of some individuals to exit their refuge box early was an antipredator behavior, but given that time of 1st exit was not influenced by the presence or type of predator odor, this is unlikely.
Boldness is of great interest in ecology as it has direct fitness implications (Sih et al. 2012) . Bold individuals may display more risk-taking behavior (Mella et al. 2015) and benefit from these risks by gaining improved body condition and higher reproductive outputs (Ward et al. 2004; Dammhahn 2012) . A general trend for an association between boldness and reproductive success has been identified through a meta-analysis of personality studies; however, boldness usually has a negative correlation with survival and therefore bold individuals may be more prolific in the short-term, but also have a reduced life span (Smith and Blumstein 2008) . In great tits, Parus major, willingness to explore is positively correlated with dispersal and dominance (Verbeek et al. 1996; Dingemanse et al. 2003 ), yet negatively correlated with traits associated with reproduction (Both et al. 2005) . Further studies could ascertain the fitness benefits and costs of exploratory behavior in rock rats.
Predator odors had no influence on rock rat behavior in the test arena, rather behaviors changed with individual identity. Evidence for the influence of individual personality on behavior, when compared to the influence of predation risk, has been examined in a range of phyla. Male guppies, Poecilia reticulata, responded on an individual-level basis, rather than a population basis, to the change in ambient light intensity, an indicator of predation risk (Kelley et al. 2013) . It has also been suggested that behavioral flexibility in burrowing owls, Athene cunicularia, when responding to predators, may be limited by individual personality (Carrete and Tella 2009) . Furthermore, eastern chipmunks, Tamias striatus, did not adjust their behavior according to environmental changes in predation risk, but rather, similar to the current study, their behavior was consistent within individuals (Martin and Réale 2008) . This suggests that the role individual personality plays in dictating antipredator behavior should be taken into account in further studies on responses to predation risk. For example, conducting a Table 2 .-Consistent behaviors of Arnhem rock rats (N = 36). Significant differences between models are based on log-likelihood ratio tests and are indicated in bold. ID = individual identity; K = number of parameters; −2LL = −2 log-likelihood; LRT = log-likelihood ratio test; AIC c = Akaike information criterion corrected. "x" indicates if the random effect was added in the model. personality analysis prior to examining responses to predators would enable both bold and shy individuals to be allocated to each treatment group. We used a behavioral test arena method that has been extensively used in studies on defensive rat behavior (Dielenberg and McGregor 2001) . However, the results obtained in the current study were vastly different from those obtained on laboratorybred rats. For example, rock rats spent very little time in the "head out" position when confronted with a predator odor. This contrasts with results from Wistar rats, where this behavior dominated their time in the test arena in the presence of cat odor (McGregor et al. 2002) . Furthermore, unlike Wistar rats, rock rats did not elicit the range of specific defensive behaviors seen in domestic rats such as rearing and flat back approach (Dielenberg and McGregor 2001) . We suggest these behavioral differences may be influenced by species environment differences or to the different sources of the odors used in the study. Rock rats have evolved behaviors specific to their rocky habitat (Begg 1981; Freeland et al. 1988) . For rock rats, gaining a position of elevation may be a more important vigilance behavior than the "head out" posture. This may provide an explanation for the high proportion of time that rock rats spent on top of their hide box.
Wild rock rats exhibited much greater variation in time allocation of behavioral responses to predator odors when compared to their laboratory-bred relatives. This suggests that a larger sample size may be required to capture the full range of behavioral responses in a wild population. As with other traits, behavioral variation among individuals of the same species is crucial for adaption (Reale et al. 2007) . Behavior of wild animals should therefore be far more variable than that of its related domesticated species and this may limit the application of studies on selectively bred species to wild populations.
We demonstrate here the adaptation of a predator avoidance apparatus, widely utilized in behavioral studies on laboratory rats, for use in a wild population of rock rats. We identified 3 individually consistent behaviors in a wild population of rats, which may suggest the existence of important personality traits in this species. Different individual rock rats behaved in a consistent manner across time despite the addition of predator odors to the test arena, suggesting that personality may sometimes play a larger role in influencing behavior, than predation risk. We suggest that where possible, personality should be taken into consideration when investigating behavioral responses to predators in wild populations.
